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Abstract 
 
This study is continuation of research on gas evolution rate from heated moulding sands used in the manufacture of foundry moulds. The 
first stage of the study described in [1] included bentonite-bonded sands. At the second stage, sands bonded with organic binders were 
tested. The composition of gases, evolved at a given temperature using mould heating system that simulates the process of mould pouring 
with molten metal, was determined. Metal was not used in these studies to prevent its reaction with gases formed as a result of moulding 
sand heating, since this effect would significantly impede the gas identification or even make it totally impossible. 
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1. Introduction 
 
Moulding  and  core  sands bonded  with  organic  binders  are 
being increasingly used in the manufacture of moulds and cores 
for practically all cast alloys. All modern furan resins allow the 
use of large amounts of the reclaim  (up to 100%) with a very low 
content of binder. However, even small amount of binder causes 
the release of undesirable gases from the mould during pouring of 
molten metal. Gases evolving from the moulding sand and toxic 
dust carried by the air pollute the atmosphere and man’s working 
environment,  constituting  serious  threat  to  the  life  and  health. 
Another important problem which the gas emitted from moulding 
sand creates is that penetrating deep into the foundry mould it can 
reach the surface of the cavity, damage it sometimes and, reacting 
with  liquid  metal,  cause  the  formation  of  numerous  casting 
surface defects. 
The  problem  of  the  threats  that  the  gases  emitted    from 
moulding  sands  make  to  the  environment  has  been  and  is  the 
subject  of  numerous  studies  [2-5].  Special interest  arouses  the 
benzene group of hydrocarbons (BTX), and polycyclic aromatic 
hydrocarbons (PAHs). Unfortunately, problems related with the 
kinetics of the formation of the gaseous atmosphere due to heating 
of moulding sand and its changes with changes of the temperature 
are  not  well  understood.  The  present  study  is  continuation  of 
research  on  the  evolution  of  gases  from  the  heated  moulding 
sands. The authors have identified the composition of these gases 
at selected temperatures for moulding sands  bonded with organic 
binders  and,  for  the  sake  of  comparison,  for  sodium  silicate-
bonded sands, using no metal in either case. 
 
 
2. Test materials and methods 
 
Tests were carried out on moulding sands of the composition 
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Table 1.  
Composition of moulding sands used in tests 
No.  Sand type  Binder type   Hardener 
1  Synthetic sand with Kaltharz X850 TN011 resin  Furan resin, 95% furfuryl alcohol  100T3, 
0.5% 
2  Synthetic sand with Kaltharz U404 resin  Furan resin, 75% furfuryl alcohol  100T3, 
0.5% 
3  Sand with 2.0 PCA2  PCA2 biopolymer    
4  Sand with sodium silicate   R145 sodium silicate  Flodur 5 
 
Prior to  testing,  moulding  sands  were    compacted to  form 
cylindrical specimens of Ф12x5 mm dimensions. The specimens 
were next placed in a test chamber and the composition of gases 
emitted from them on heating was analysed. The measuring cycle 
included the following steps: 1) heating of specimen at a rate of 
50 K/min to 800°C, recording of gas composition, 2) isothermal 
measurement at a maximum temperature of heating for 2 minutes, 
3) cooling of the furnace. The individual measuring points were 
recorded  by  a  Windows-operated  system.  An  apparatus  for  
studies of the surface properties of liquid metals and alloys was 
used  [6].  The  design  of  the  apparatus  allows,  among  others, 
continuous recording of changes in the residual gas content using 
a  Prisma  QMS-200  quadrupole  mass  spectrometer  made  by 
Pfeiffer, operating in high vacuum (HV). The initial pressure in 
the  test  chamber  before  heating  was  10
-6mbar.  Studies  were 
conducted  in  the  range  of  molecular  weights  from  1  to  200 
Schematic diagram of the device is shown in Figure 1. 
 
 
Fig. 1. Apparatus for high-temperature studies – schematic layout 
of the test chamber interior; 1,2- specimen location before test, 3- 
rotary disc, 4- resistance heater, 5- thermal screens, 6- electric 
power feeding to resistance heater, 7- guides for specimen transfer 
to heating zone, 8- test stage with specimen, 9 and 10- sight 
glasses, 11- manipulator controlling specimen transfer to heating 
zone, 12- manipulator controlling rotary disc movement, 13- 
vacuum pump connection, 14- camera, 15- thermocouples [2] 
 
During the entire cycle of testing the gas evolution rate from 
moulding  sand  (heating,  isothermal  holding  and  cooling),  the 
following  parameters  were  recorded:    pressure  in  the  test 
chamber, residual gas composition and temperature on the test 
stage.  
 
 
3. Results and discussion 
Figures 2-5 show the results of tests of the gas evolution rate 
during the measurement cycle for moulding sands bonded with 
binders of the composition given in Table 1. Diagrams obtained 
for both furan resins are similar (Figures 2 and 3). 
 
 
Fig. 2. The results of gas analysis during heating of sand bonded 
with Kaltharz X850 furan resin (1) (1-H
+; 2-H2
+,He
+; 12-C
+; 14-
N
+,CH2
+,CO
++; 16-O+,CH4
+; 17-OH
+;18-H2O
+; 22-CO2
++, 28-
N2
+,C2H4
+,CO
+; 32-O2
+; 44-C3H8
+,CO2
+, C2H4OH
+, 82-benzene, 
92- toluene, 106-ethylbenzene, 128-naphthalene) 
 
The sand emits mainly water vapour and carbon oxides, carbon 
dioxide being predominant in the first heating cycle and carbon 
monoxide at higher temperatures. Oxygen was not present in the 
subsequent heating cycles. No differences were observed in peak 
heights for 28 amu, which should be higher for the U404 resin, 
given the fact that it contains much more nitrogen than Kaltharz 
X850.  Absence  of  these  changes  in  the  peak  height  (CO/N2) 
proves the decomposition of hydrocarbon compounds used as a 
binder.  
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Fig. 3. The results of gas analysis during heating of sand bonded 
with Kaltharz U404 furan resin (2) 
 
In  this  case,  the  first  stage  is  decomposition  to  CO2.  In  tests 
carried out in vacuum, similar as in mould cavity, oxygen has no 
easy access, so at the next stage, the decomposition of CO2 to CO 
and C takes place. Continuous release of water vapour (peaks at 
the values of 18, 17, 16 amu) was observed within the whole 
examined temperature range (from room temperature till the end 
of the test, i.e. up to 800°C). The strongest water evolution was 
observed in the temperature range from 28°C to 131°C, and from 
264°C to 614°C. At the same time, as the temperature increases, 
the  precipitation  of  organic  compounds  from  the  tested  sand 
starts. As in the case of water, also these compounds have two 
maxima: the first in the temperature range from 28 to 105°C, and 
the second in the range of 228°C to 443°C. Quite important seems 
to be the appearance of atomic and molecular hydrogen in the 
spectrum (molecular weight of 1 and 2 amu, Figs. 6-9); until now 
it has been thought that hydrogen can occur only in the mould 
cavity  as  a  product  of  water  vapour  reduction  with  iron.  The 
precipitation of organic compounds (originating from the binder) 
was accompanied by increased intensity  of the hydrogen (1, 2 
amu) and carbon (12 amu) evolution, both originating from the 
decomposition of organic compounds at high temperature. 
 
 
Fig. 4 The results of gas analysis during heating of sand bonded 
with 2.0 PCA2 synthetic biopolymer (3) 
 
Fig. 5. The results of gas analysis during heating of sand bonded 
with water glass 
 
At the initial stage of heating, nitrogen is evolving (28 and 14 
amu)  from  the  sand  with  synthetic  biopolymer,  but  the  main 
component of the gas phase is water vapour and carbon monoxide 
(28  amu  peak  intensity  remains  high,  while  14  amu  peak 
disappears.) Quite interesting is the presence of CO2 persisting 
until the end of heating. However, total amount of the evolving 
gases  is  much  lower  than in  the  case  of  furan  resins.  Similar 
results were obtained for the sand with water glass, except for the 
fact that carbon oxides existed in trace amounts only. 
More detailed information is available from spectral analysis in 
narrow amu ranges corresponding to the characteristic gases, i.e, 
0-2 (hydrogen), 10-45 (water vapour, nitrogen, oxygen, carbon 
oxides)  and  above  50  (aromatic  hydrocarbons).  The  results  of 
these  studies  are  shown  in  Figs.  6  to  17.  Figures  6-9  shows 
changes in hydrogen evolution rate during heating up to 800°C. 
 
 
Fig. 6. The results of  gas analysis during heating of  sand bonded 
with water glass (4), recording of 1 and 2 [amu] elements 
(hydrogen) 
Heating of the sand with water glass resulted in the evolution of 
ionised  hydrogen  only  (1  amu),  which  originated  from  the 
decomposition of water vapour. Besides a clear peak in the first 
heating cycle, the concentration of hydrogen ions has remained at 
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the diagrams of the emitted gas are very similar. In the initial 
heating cycle, hydrogen of mass 1 is mainly observed to evolve, 
and  when  higher temperature is reached,  hydrogen  of  mass  2, 
probably  originating  from  the  decomposition  of  hydrocarbons, 
appears.  The  sand  bonded  with  synthetic  biopolymer  evolves 
hydrogen of  mass 1 and 2, but its total amount is very small. The 
results obtained for ranges from 10 to 45 amu are shown in Figs. 
10 – 13. The spectra are very similar for furan resin bonded sands. 
 
Fig. 
7. The results of  gas analysis during heating of sand bonded with 
Kaltharz X850 furan resin (1), recording of 1 and 2 [amu] 
elements (hydrogen) 
 
 
Fig. 8. The results of gas analysis during heating of sand bonded 
with Kaltharz U404 furan resin (2), recording of 1 and 2 [amu] 
elements (hydrogen) 
 
Fig. 9. The results of gas analysis during heating of sand bonded 
with 2.0 PCA2 synthetic biopolymer (3), recording  of 1 and 2 
[amu] elements (hydrogen) 
 
Fig. 10. The results of gas analysis during heating of sand bonded 
with Kaltharz X850 furan resin (1). Recording of 10 to 45 [amu] 
elements (12-C
+;14-N
+, 16-O
+,CH4
+; 17-OH
+; 18-H2O
+; 22-
CO2
++, 28-N2
+,CO
+; 32-O2
+; 44- CO2
+ 
 
Fig. 11. The results of gas analysis during heating of sand bonded 
with Kaltharz U404 furan resin (2), recording of 10 to 45 [amu] 
elements  
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The strongest evolution of water was observed in the temperature 
range of up to 131°C and from 264°C to 614°C. Large amounts of 
carbon oxides were also emitted. In the early cycles of heating, it 
was mainly CO2 and CO later. Initially, in the gas phase, there 
was a small amount of oxygen (32 amu); after its depletion, CO 
was forming due to the reduction of water vapour with carbon. 
The sand bonded with resin of a lower content of furfuryl alcohol 
was  not  observed  to  evolve  large  amounts  of  nitrogen.  The 
analysis conducted for the range of 13 to 15 amu showed that in 
both cases the amount of nitrogen evolved was small and did not 
undergo any major changes during heating. This indicates that the 
curve  for  28  amu  can  be  interpreted  as  a  change  of  CO 
concentration in the gas phase. 
From the sand bonded with synthetic polymer,  mostly water 
vapour and carbon oxides were evolving. A distinct peak of 14 
amu, observed in the starting heating cycles, accompanied by the 
peak of 28 amu, indicates the evolution of nitrogen. Generally, 
however, it can be concluded that the amount of evolved gas is by 
one order of magnitude lower than that evolved from furan resin 
bonded sands. 
The binder emitting the lowest amount of gas  during heating was 
sodium silicate. Besides water vapour,  only a small amount of 
carbon dioxide originating probably from the decomposition of 
hardener was observed (Fig. 12). The BTEX hydrocarbons are 
predominant in the gases generated during heating of sands with 
furan  resin;  they  also  appear  in  sands  bonded  with  synthetic 
biopolymer, and even in the sand with water glass, although their 
amount is by one order of magnitude lower than in the case of 
furan resin bonded sands. It is interesting to note that sands with 
resin evolve mostly toluene (peaks at the values of 91, 92, 65, 50 
and 39 amu); benzene appears in trace amounts only (peaks at the 
values of 78, 77, 52, 51, 50 amu) in a range of up to the 20
th  test 
cycle  (~  440°C).  At  higher  temperatures,  the  evolution  of 
hydrocarbonsis negligible. 
 
 
Fig. 12. The results of gas analysis during heating of  sand bonded 
with 2.0 PCA2 synthetic biopolymer (3), recording of 10 to 45 
[amu] elements 
 
 
Fig. 13. The results of gas analysis during heating of  sand bonded 
with water glass  (4), recording of 10 to 45 [amu] elements 
In the range above 50 amu, hydrocarbons from the BTEX group 
are mainly present and lighter polycyclic hydrocarbons. This is 
illustrated in Figs. 14 to 17, covering the range above 80 amu. 
 
Fig. 14. The results of gas analysis during heating of  sand bonded 
with Kaltharz X850 furan resin (1), recording of 80 to 130 [amu] 
elements (82-benzene, 92-toluene, 106-ethylbenzene, 128-
naphthalene) 
 
Fig. 15. The results of gas analysis during heating of  sand bonded 
with Kaltharz  resin U404 (2), recording of 80 to 130 [amu] 
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Fig. 16. The results of gas analysis during heating of  sand bonded 
with 2.0 PCA2 synthetic biopolymer (3), recording of 80 to 130 
[amu] elements 
In biopolymer-bonded sands, the main evolving  hydrocarbon is 
ethylbenzene, while in sands with water glass, traces of toluene 
appear at about 800
oC. It should be noted, however, that in both 
cases, i.e. in sands bonded with biopolymer and with water glass, 
the amount of the evolved aromatic hydrocarbons is negligible 
and hence these sands cannot pose any threat to the environment. 
 
 
Fig. 17. The results of gas analysis during heating of  sand bonded 
with water glass (4) recording of 80 to 130 [amu] elements 
 
 
4. Conclusions  
 
Based on the conducted studies, the following conclusions can 
be drawn: 
1.  The  main  gas  component  formed  during  heating  of  sand 
moulds with binders was water vapour, although base sand 
used  for  the  moulding  mixture  contained  less  than  0.5% 
moisture. 
2.  In the case of all the examined moulding sands, the evolution 
of large amounts of carbon oxides was stated. In the early 
heating cycles this was mainly CO2, but with the increasing 
temperature, CO started  prevailing.  
3.  In sands bonded with furan resins, a significant amount of 
hydrogen,  formed  during  the  reduction  of  water  vapour, 
appeared. This indicates that sands of this type produce the 
reducing atmosphere. The sands with synthetic biopolymer, 
and especially with water glass, evolve very low amount of 
gas. 
4.  Sands with organic binders evolve on heating large volumes 
of  hydrocarbons,  mainly  toluene  and  ethylbenzene.  These 
compounds are unstable at high temperatures, and as such 
will tend to decompose in the overheated layer, but a fraction 
can  still  escape  to  the  atmosphere  through  the  cold  sand 
layers, posing a threat to the environment. Sands with water 
glass  are  not  completely  free  from  BTEX.  In  this  case, 
ethylbenzene was observed to appear in the gas phase. Its 
source are probably hardeners based on acetates. 
5.  The conducted studies have proved a great usefulness of the 
method  applied  in  the  analysis  of  gaseous  components 
evolving from the moulding sand  on heating. 
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